The long PN code in a Binary Offset Carrier (BOC) 
Introduction
With the advent of the new global navigation satellite system, split-spectrum type modulated signals, such as binary offset carrier (BOC) signals, have been adopted in the next-generation GNSS to provide a better spectral separation between the existing GNSS systems such as modernized GPS, Galileo, GLONASS and COMPASS. A BOC signal is defined as a spreading pseudo random noise (PRN) code modulated by a square-wave subcarrier, and it's denoted as BOC( sc f , c f ) or BOC(m, n), where 1 is the chip rate [1] . Since the square wave subcarrier can either be sine or cosine phased, the BOC signal is usually denoted as BOCs (m, n) and BOCc(m, n). It has been revealed that BOC modulation can improve the code tracking performance and provide the advantages of multipath effect reduction and narrow band interference rejection [2] . However, the PRN code in BOC modulation signal has a much higher chip rate than the one in a GPS C/A signal, for which a receiver should have a higher search resolution, and the acquisition process has increased complexity [3] . Additionally, the existence of subcarrier in a BOC signal induces side peaks on both side of the center peak of the autocorrelation function (ACF), which may bring ambiguity threat in acquisition and tracking processes under multipath and interference environment.
Since the acquisition process for a BOC signal requires elaborate work, many methods have been proposed to solve this problem [4] [5] [6] [7] [8] [9] [10] . Serial search tests all code phases oneby-one, which makes a very long search process [4] . On the contrary Parallel-correlatorbased technique completes the acquisition by testing the phase of every PRN code in parallel, which needs multiple times in number of parallel correlators than the GPS C/A code [5] . The fast Fourier transform (FFT)-based technique uses a digital signal processor for fast computation, but it requires much more complex multiplications than the traditional method [6] . Folding technique and dual folding technique [8, 9] provide another valid approach to accelerate the acquisition process by folding local signal and the incoming signal, and in this method the code phases to be searched will be decreased proportional to the folding number, but it suffers from SNR degradation with the increase of folding number. A two-stage deterministic compressed GNSS acquisition technique has been proposed to reach a good compromise between the correlator number and the acquisition time [10] . But the authors in [10] only discussed the performance of this method when used on GPS signal and BOC (n, n) signal, and both the transform matrix and the measurement matrix are not suitable for BOC (m, n) signal, besides, the ambiguity threat was not taken into account.
In this paper, we improve the deterministic compressed GNSS acquisition technique by introducing new transform matrix and measurement matrix, and adding an improved GRASS technique in the second stage. The proposed technique is suitable for all BOC signal and the ambiguity threat is suppressed at the same time. We first describe the proposed technique for different BOC modulations, and then the performances of the proposed technique are analyzed. Next a comparison of the proposed technique to other techniques is discussed. Lastly the conclusions are given.
Description of the Proposed Method
The incoming BOC (m, n) signal in a GNSS receiver can be expressed as:
where is the modulation order which is a positive integer. In practice, GNSS signal search is a 2-Dimensinal hypothesis testing, which will search both code phase and the Doppler frequency of the received signal. During the acquisition process, the receiver multiplies the received signal 
is the code length of the PN code. As the BOC signal has a very sparse expression in the autocorrelation output, we can get the transform matrix Ψ : 
where Fig.1 shows the normalized ACF of the BOC(2n,n) signal and BOC(n,n) signal, it's obviously that the number of side peaks becomes larger as the calue of  increases In this paper, the proposed technique is divided into two stages.
A. 1st-Stage
The first stage measurement is the same as the one in [10] :
y= Φ R=Φ Ψr (6) where, the element of measurement matrix 1 Φ can be defined as
where Z , which must be larger than the first-stage detection threshold 1  at the same time, and let 1 w denote the index of the selected element:
Step5. If 1 0 0  w , proceed to the 2nd-stage with 1 W :
Otherwise, repeat 1st-stage with 1 pp  . During the first stage measurement, 11 z  z can be expressed as:
,thus it can be considered that the first stage measurement completes the signal compression by adding every  elements of r . The code phases to be searched are directly decreased proportional to  .
A. 2nd-Stage
According to the previous introduction, the ACF of BOC signal has multi peaks which may bring an ambiguity threat in signal acquisition and tracking. To get rid of this problem, we apply the improved GRASS technique in the second stage measurement of the proposed technique.
BOC signal can be considered as a special case of step-shape code symbol (SCS) signals whose shape vector is   
where, 23
 
Lt is the local SCS signal whose shape vector
According to the description above, we can get L Ψ easily by doing some calculations 
Performance Analysis
To analyze the performance of the proposed technique, in this section, we calculate the detection and false alarm probabilities. Here we assume 1 p N  as the simplest implementation of the proposed technique, and the incoming noise is Gaussian noise. For the first stage measurement, when there is no signal present, the distribution of 11 Z Z is a central chi-square distribution with two degrees of freedom, the probability distribution function of 1 Z can be expressed as:
  
The overall false alarm probability is:
For signal present case, the distribution of 11 Z  Z is a noncentral chi-square distribution with two degrees of freedom, the PDF of 1 Z can be expressed as:
  The detection probability is defined as:
Then we can establish the detection probability of the proposed technique by applying (14) in (16), the detection probability of the first measurement can be expressed as [10] 
For the second stage measurement, we use the improved GRASS technique to eliminate the ambiguity threat. When there is no signal present, both of the first term and the second term in (9) follow central chi-square distribution with two degrees of freedom, but with different variances 
For signal present case, when the code delay is small, the first term in (9) follows noncentral chi-square distribution with two degrees of freedom, in which the noncentrality parameter is 
Results and Discussions
In this section, the proposed technique is tested for a GNSS receiver in an acquisition process of BOC (10, 5) . Figure 2 shows the detection probability for BOC (10, 5) M increases, the performance of the proposed technique gets better, because a greater compression ratio may bring a larger loss. Besides, when the value of 1 M is small, a greater p N brings a better detection performance, but as 1 M increases, this conclusion do not hold water certainly. This is because for the fixed false alarm probability and 1 M , the threshold of the second stage measurement increases with the increase of p N , when the value of 1 M is high, the influence of p N on the threshold is not negligible. Figure 3 . It can be seen that, when  is small and 1 1 p NM , the sensitivity of the proposed technique degrades about 2 dB compared with the traditional acquisition technique. This is because the sum operation in (9) introduces more noise. But the same as the DS technique, the proposed technique needs 12 MM   correlators, which is much less than the conventional parallel-correlator-based technique. Z of the deterministic compressed acquisition technique in [10] and the second stage measurement test criterion 2,Proposed Z of the proposed technique. All of the three curves are normalized. On the face of it, the test criterion curve of DS technique in [10] is triangular and has only one peak, but the ambiguous threat still exists, for 2,DS Z can be considered as the absolute value of B R . However for the proposed technique, the test criterion curve has only one positive peak, which is much narrower than the one in DS technique. This makes the proposed technique more reliable than the DS technique. In [2] , the test criterion curve of GRASS also has one positive peak and the peak is narrower than the main peak of ACF of BOC (10, 5) , but Fig. 4 shows the opposite result, this is because the sampling frequency in this paper is lower than [2] , which brings the difference.
Conclusion
In this paper, a two-stage measurement technique has been proposed to accomplish the unambiguous acquisition of BOC(m, n) signal. The detection performance and the test criterion in the second measurement of the proposed the technique have been analyzed and compared with the DS technique. It has been shown that, at the cost of some degradation of detection probability in acquisition the proposed technique can eliminate the ambiguity threat in the acquisition process by removing the undesired positive side peaks, which is much more reliable than the DS technique. It is therefore more reliable than the DS technique.
